The Stroop Color and Word Test is a measure of executive function that is commonly used in neuropsychological evaluations, but for which there are currently no normative date for elderly African American individuals. The present investigation examined the influence of demographic characteristics on this measure in a community-dwelling sample of 236 elderly African American adults (60-84 years of age). Age, education, gender, and the education by gender interaction were found to affect performance on the Stroop Color and Word Test tasks. Based on these results, normative tables for Stroop Color and Word Test scores, stratified by age and with score adjustments for education and gender, are provided.
the assessment of executive functioning is a critical component of the neuropsychological evaluation of the elderly.
One task commonly used to assess executive functioning is the test of the Stroop interference effect (Stroop, 1935) . The interference effect, defined as a robust increase in reaction time as a result of the introduction of task-irrelevant stimulus characteristics, has been studied for over a century. Although there continues to be discussion about the cognitive mechanisms involved in the effect (e.g., Gilbert & Shallice, 2002) , fMR1 studies strongly suggest that the inferior frontal and dorsolateral prefrontal cortices are involved in the performance of the Stroop task (Peterson et al., 2002) . There are a number of commercially available versions of the Stroop effect, including the Stroop Color and Word Test (Golden, 1978) , the Stroop Neuropsychological Screening Test (Trenerry, Crosson, DeBoe, & Leber, 1989) , and the Victoria version (see Spreen & Strauss, 1998) . These versions differ in various ways, including the number of trials, the number of stimuli per card, the colors, and the number of colors. In part because there are so many versions of the test that are commonly used, the adequacy of normative data is marginal. This is especially the case for the elderly and minority populations. Mitrushina, Boone, and D'Elia (1999) provide sources and descriptions of all available normative data for versions of the Stroop. Their handbook shows that normative data are provided in 21 sources, including published manuals, normative reports, and clinical studies. Of these, only eight sources provide normative data for individuals whose age exceeds 59, and only one of these sources provides normative data based on a sample size of greater than 100 individuals. Ivnik et al. (1996) provided age-and age-and-education-corrected normative data for the Golden version of the Stroop, based on a sample of 361 individuals ranging in age from 56 to 94. This sample was 54% female and included only one African American participant.
Only a single source has provided normative data for a version of the Stroop for a minority sample, despite a history of comment on this issue (Davies, 1968; Parsons & Prigatano, 1978; Welsh et al., 1995) and substantive evidence showing the impact of demographic variables on a variety of cognitive tasks (e.g., Kaufman, McLean, & Reynolds, 1988; Manly et al., 1998; Welsh et al., 1995) . Strickland, D'Elia, James, and Stein (1997) presented data from the Golden version of the test for 42 African Americans in the age range of 19-41. There are no sources of normative data for minority elderly samples.
In this study we present normative data for the Golden version of the Stroop in an elderly African American sample. Because previous studies have shown that age, education, and gender are all potential correlates of performance on the Stroop task (see reviews by Mitrushina et al., 1999; Spreen & Strauss, 1998) , we also systematically examined the influence of demographic characteristics on Stroop Test performance.
Method

Participants
Data for this study were obtained from a larger epidemiologic study of community-dwelling elderly African Americans (ages 60-84) in three Tampa, FL neighborhoods. The study used epidemiologic sampling procedures to identify and solicit participation from elderly individuals living in private residences. All individuals provided University of South Florida IRB-approved consent prior to participation in the study. For participants, data collection was scheduled across a 1 week interval. The first visit was scheduled either at the participant's home or in a neutral location (e.g., church). At this visit, a trained interviewer administered a risk factor questionnaire. Participants were then left with a packet of self-administered questionnaires. A second interview, which involved sensory, cognitive, and other testing, occurred approximately 1 week later. Interview variables included demographic information, personal and family medical history, smoking and alcohol consumption, social support, work history, physical and mental exercise, and risk factors for dementia. Information was not collected on mental health disorders. Cognitive testing consisted of a 2-h fixed battery of cognitive ability measures that included the Stroop Color and Word Test (Golden, 1978) . Trained technicians administered these measures.
Individuals whose demographic data were missing or for whom the demographic data were inconsistently recorded across forms were excluded from the sample. Data from two participants were excluded as a result of this procedure. Cases were also excluded if they reported a medical history of any of the following: endarterectomy, transient ischemic attack, cerebrovascular accident, Parkinson's disease, or traumatic head injury with loss of consciousness and retrograde amnesia. A total of 15 cases were excluded based on one or more of the medical criteria. Finally, one participant was excluded for missing Stroop Test data and one participant was excluded as an outlier (defined a priori as a score that was 3 S.D.s from the mean and clearly separated from the remainder of the score distribution). The final data set available for analysis was comprised of data obtained from 108 men and 128 women, ages 60-84.
Results
Demographic characteristics of the sample are provided in Table 1 . Preliminary analyses revealed a distinct bimodal distribution for age, and subsequent analyses were conducted for the two distinct age groups, ages 60-71 and 72-84. There were 111 subjects in the younger age group and 125 subjects in the older age group. These two groups were found to differ significantly on Word, Color, and Color-Word scores (P < .05 for each comparison) with effect sizes exceeding .25.
We used two sets of linear regression analyses to determine the effects of age, education, and gender on Stroop scores within each of the age groups. In the first set of analyses each of these variables was entered simultaneously into the equation. We then examined the squared semi-partial correlations to evaluate the independent and unique influence of these variables on Stroop Test scores (see Table 2 ). While age accounted for only 0.06-1.56% of the variance across age groups and scores, gender accounted for 0-5.7%, and education accounted for 8.41-26.11%. In the second set of regression analyses, we used a hierarchical procedure. Education and gender were entered into the equations on step one, followed by the gender by education interaction. The interaction was found to be significant (P < .05) in two of the regression analyses, while education was significant (P < .05) in all analyses and gender in all but two analyses (P < .05). These results indicated the need for normative adjustments for education and gender for all scores in each of the age groups. We then examined the distributions of Stroop scores by years of education within each age group to determine the best method for establishing education groups. Three education groups (<12 years, 12 years, and >12 years) best reflected the differences in score distributions. Analyses of variance revealed that comparison of education groups based on these categories resulted in significant differences (P < .01) for all scores in each of the age groups.
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subgroups are very small, the performance estimates are likely less reliable. Thus, considerable interpretive caution should be used in evaluating individuals with this level of education. Use of Tables 3 and 4 is fairly straightforward. For example, assume that a 70-year-old male with 12 years of education obtains a Color-Word score of 68. Examination of Table 4 reveals that an adjustment of +2 is required, resulting in an adjusted score of 70. Table 3 shows that this score is at the 60th percentile; that is, exceeds the scores of 59% of the individuals in the 60-71 year age range.
Discussion
In this study we present the only source of normative data for the Golden version of the Stroop for the elderly African American population. Consistent with studies of Caucasian samples, we found that age and education were related to performance. In this sample, gender was also found to be significantly associated with performance, a result that has been inconsistently reported in the literature on Caucasians (see Mitrushina et al., 1999) . The normative data provided herein are most comparable to those provided by Ivnik et al. (1996) for a large elderly Caucasian sample. However, comparison of our data with those of Ivnik et al. shows a large discrepancy in the level of performance. Examination of the Ivnik et al. norms (see their  Table 6 ) reveals that the mean Color-Word score (equivalent to a scaled score of 10) for an individual in the 69-71 age range is 30-32. In comparison the mean Color-Word scores for males and females in our 60-71 age group are 20 and 22, respectively. Similar comparisons with other age groups reveal similar differences, in each case with the African American sample performing at a lower level than the Caucasian sample of Ivnik et al. Adjustments for education appear to erase only a portion of these differences.
The reasons for these differences are not immediately obvious. One possibility is that the health of African Americans in the elderly age range may not be as good as in Caucasians. For example, hypertension has been associated with cognitive decline in several cross-sectional (e.g., Kuusisto et al., 1993; Ostrosky-Solis, Mendoza, & Ardila, 2001 ) and longitudinal studies (e.g., Bohannon, Fillenbaum, Pieper, Hanlon, & Blazer, 2002; Kilander, Nyman, Boberg, Hansson, & Lithell, 1998) , possibly due to associated white matter lesions in periventricular and other subcortical regions of the brain (De Leeuw et al., 2002; Liao et al., 1997) . African Americans are more likely to have hypertension than Caucasians (Svetkey, George, Burchett, Morgan, & Blazer, 1993) ; in fact, African American ethnicity is an independent risk factor for hypertension in the elderly even after controlling for demographic variables (Svetkey et al., 1993) . Examination of the poor health hypothesis would require detailed examination of the relationship between Stroop performance and parameters of hypertensive disease, as well as those of other chronic disorders such as diabetes, hepatitis, and hypercholesteremia.
Our normative data provide a critical resource for clinical assessment of elderly African Americans. Application of Caucasian norms to the Stroop performance of elderly African Americans can be expected to produce a substantial number of false positive conclusions of impaired executive function in individuals who are normatively within the expected range of performance. As Ivnik et al. noted, the validity of a set of norms depends heavily upon the degree to which an individual shares the demographic features of the normative sample.
We conclude with several caveats. Although our African American sample was screened for a number of disorders known to affect cognitive abilities, we did not exclude individuals with chronic disorders such as hypertension. As we note above, such disorders may have an especially deleterious effect on the African American population. Additionally, we did not have data that allowed us to exclude current or lifetime history of psychiatric disorders known to affect executive function, such as Obsessive-Compulsive Disorder (Bannon, Gonsalvez, Croft, & Boyce, 2002) , Schizophrenia (Chey, Lee, Kim, Kwon, & Shin, 2002; Seidman et al., 1995; and Weinberger, Berman, & Zec, 1986) , or Attention Deficit Disorder (Rapport, Van Voorhis, & Friedman, 2001) . Our sample was drawn exclusively from a county on the west coast of Florida, an area known for population growth due to migration and the unremarkable quality of public education. The availability of African American samples from other regions would be especially valuable in addressing the validity of the normative data we have provided. Finally, we note again that the sample sizes for some of our gender by education groups are very small and thus susceptible to low reliability. Clinicians should use norms for these groups with caution. The strength of the normative tables is that they provide reasonable samples for African Americans with less than a high school education. Because presently the majority of elderly African Americans have fewer than 12 years of formal education (US Census Bureau, 2002) , the norms should apply to the majority of cases.
